Objectives: To undertake a detailed epidemiological study of head injuries sustained by professional rugby union players in order to define their incidence, nature, severity, and causes.
INTRODUCTION
Head injury and its prevention are critical issues facing many contact and collision sports because of the potential for both acute catastrophic head injury 1,2 and longer-term neuropsychological sequelae resulting from repeated mild head injury. 3, 4 A thorough understanding of the epidemiology of head injuries enables coaches and medical staff to review the adequacy of their injury prevention and rehabilitation strategies and inform the planning of training programs. 5 With almost 200 countries affiliated with the International Rugby Board (iRB), rugby union is the world's most popular collision team sport. At the elite level, it is played professionally and has one of the highest reported incidences of match injury. 6 The incidence of head injuries reported in rugby union has varied between studies due to variations in the definition of injury, nevertheless the head has consistently been found to be the one of the most commonly injured body parts (between 10% and 29%). 7, 8 Fortunately, the majority of these injuries are superficial soft tissue injuries and lacerations, 9, 10 and catastrophic brain injury in rugby is rare. 11 Methodological issues have typically precluded useful further analysis of head injuries, with the exception of identifying a subgroup of concussive injuries. Match related concussion in professional rugby union has previously been reported as being between 2% 8, 12 and 5% 6, 9 of all injuries. Only Brooks et al 6 have previously reported an incidence rate for concussion (4.3/1000 player-hours).
Studies in American football, 13 ice hockey, 14 rugby league, 15 soccer, 16 and Australian rules football 17 have sought to identify risk factors for head injuries; however, there is a dearth of information on the risk factors in rugby union, 18 and no studies published to date have attempted to look at the detailed incidence, nature, severity, and injury events associated with head injuries and in particular concussions within rugby union. Differences in the protective equipment allowed and in the nature, forces, and body parts involved in the collisions seen in these sports make it unlikely that the findings from these other sports can be consistently transferred to rugby union. There is also a lack of evidence regarding the efficacy of headgear currently worn in rugby union to prevent concussion, 19 and the ability of mouthguards to prevent concussion is also contentious. 20 After the first International Conference on Concussion in Sport (Vienna, 2001) , The Rugby Football Union created and disseminated a rugby-specific concussion management programme for the medical staff working within the Premiership 21 that was consistent with the agreement statement produced by the Concussion in Sport Group. 22 The current study sought to present epidemiological data on the incidence, severity, and nature of head injuries in English professional rugby union. A cohort design was chosen to facilitate the prospective collection of risk factors, injury information, and exposure data from a defined population of athletes.
METHODS

Participants
The methods used have been described in detail previously. 6, 23 In summary, 757 players from 13 of the 14 clubs competing in the English Premiership during the 2002/2003, 2003/2004, and 2005/2006 seasons took part in the study. Players were included or excluded from the study when they became or ceased to be members of the club's first team squad. The average team squad size was 39 players. The study was approved by the Queen Mary Research Ethics Committee, and written informed consent was obtained from each subject together with details of their usual mouthguard and headgear usage during matches. Calculations indicated that, for an incidence of 4 concussive injuries/1000 playermatch hours, a sample size (90% power; 95% confidence) of 26,000 player-hours would be required to identify a 50% difference in the incidence of concussion between forwards and backs and 8000 player-hours to identify a 100% difference.
Injury Definition
The injury definition used in the study was: ''any injury that prevents a player from taking a full part in all training and match play activities typically planned for that day for a period of greater than 24 hours from midnight at the end of the day the injury was sustained.'' Injury severity was defined by the number of days a player took to return to full fitness; full fitness was defined as ''able to take a full part in training activities (typically planned for that day) and available for match selection.'' To facilitate comparison with other datasets, all injuries that caused a subsequent match to be missed were also identified. An injury was reported as a recurrence according to the judgment of the clinician assessing the injury. Absences due to illness and non-sport-related medical conditions were not included in the study. The injury definitions and data collection in this study are compliant with the iRB Consensus statement on injury definitions and data collection procedures for studies of injuries in rugby union. 24 Medical personnel at each club reported all head injury episodes on a weekly basis. They also completed a standard injury report form for each injury, which detailed the injury diagnosis using the Orchard Sports Injury Classification System 25 and associated injury information. This included the injury event, which was identified by player and medical personnel recall. The form remained with the club until the player returned to full fitness; this allowed complete details of the injury diagnosis and the use of invasive procedures to be reported on the form. Team fitness coaches from 12 of the clubs recorded the number of training sessions and the volume of training undertaken by the players on a weekly basis utilizing a standard report form. Individual player match exposure data were recorded using video analysis every week for each player; this identified the position played, the total time on the field, and the number of ball carries and tackles made in competitive matches. Total individual noncompetitive match exposure (16%) was reported by individual clubs.
Concussion Definition
Concussion was suspected on the basis of the onfield presentation during matches and training of 1 or more of the typical symptoms, physical signs, or cognitive features described in the 2001 concussion agreement statement 22 after a blow to the head or body. If the diagnosis of concussion was in doubt, team medical staff (physicians or physiotherapists) were advised to ask the player the Maddocks questions. 26 Team medical staff were also advised that players believed to have sustained a concussion on the basis of clinical grounds and/or failure to answer all of the Maddocks questions correctly should be permanently removed from competition or training for a full definitive assessment by the team physician, at which time the diagnosis of concussion was either confirmed or refuted. Athletes were monitored clinically, and no athlete was returned to play until they had met clinical recovery criteria consistent with international return-to-play standards. 22, 27 By using this protocol, all confirmed cases of concussion would result in time lost from playing and training and therefore be included in this study.
Data Analysis
The incidence of injury was recorded as the number of injuries/1000 player-hours of match exposure for match injuries or injuries/1000 player-hours of training for training injuries. Differences in the incidence of injury between groups were considered significant if the 95% confidence intervals (CI) of the incidence ratios for the groups did not include the value of 1.0 and the P value (z-test for the comparison of rates) was less than 0.05. 28 Chi-square tests were used for identifying significant differences (P , 0.05) in the numbers of injuries amongst groups.
RESULTS
Incidence and Severity of Injury
Throughout the study, 23,647 hours of match play (forwards: 12,574; backs: 11,072) and 300,801 hours of training (forwards: 170,007; backs: 130,793) were recorded. During this time, 155 head injuries in matches (forwards: 83; backs: 72) causing 2,206 days absence (forwards: 1,214; backs: 992) and 14 head injuries in training (forwards: 8; backs: 6) causing 287 days absence (forwards: 209; backs: 78) were reported. Of these head injuries, 96 concussions in matches (forwards: 53; backs: 43) causing 1,214 days absence (forwards: 425; backs: 789) and 5 concussions in training (forwards: 2; backs: 3) causing 59 days absence (forwards: 25; backs: 34) were reported. The majority of players did not sustain a concussion during any 1 season. For those players sustaining a second concussion in a season, the severity of the second concussion was higher than the severity of the first concussion, although the difference was not significant ( Table 1) .
The incidence and average severity of match and training head injuries and concussions was similar between forwards and backs ( Table 2 ). The incidence of match concussions that caused a subsequent match to be missed was 1.9 injuries/1000 player-hours (1.4 to 2.5) and for training concussions was 0.01 (0.0 to 0.02). All of the training concussions were sustained during contact sessions. Defence training was the cause of all but 1 of these training injuries (the training activity was unknown for the remaining injury). Nearly half of concussed players (48%) had returned to play within a week, 24% took between 1 and 2 weeks, and 28% took more than 2 weeks to return. The incidence of concussion per team is presented in Table 3 . Table 4 shows the distribution and severity of match head injuries as a function of injury category. Concussions were the most common injuries reported, followed by facial fractures and head and facial lacerations. Facial fractures were associated with the greatest average severity (31 days) and accounted for the second greatest proportion of days absence due to head injuries (33%) after concussions (55%).
Clinical Profile of Head Injuries
Playing Position
The incidence of all match head injuries and concussion was highest in the midfield backs and lowest amongst the second rows (Table 5 ), although the differences were not significant.
Associated Injury Event
All head injuries and concussions for which the associated injury event was identified were sustained during contact activities. Match head injuries were predominately sustained in the tackle (58%) and in collisions (20%). Specifically, tackling head-on (25% of all head injuries) and being tackled head-on (16%) were the most common causes of match head injuries in the tackle. The profile of associated injury event was similar for match concussions (Table 6 ). These were most commonly associated with tackling head-on (28%), collisions (20%), and being tackled head-on (19%).
Injury Recurrence
The vast majority (90%) of match and training concussions were not reported to be recurrences of a previous concussive episode. Recurrent concussive injuries (10%) were on average more severe (22 days; range, 8 to 35 days) than new injuries (12 days; range, 9 to 14), although the difference was not significant. Only 2 recurrent concussive injuries, occurring within 2 months of a player's return to full participation from the first concussion, were reported during the study period. Players receiving recurrent injuries were of similar age (26 years old) to those sustaining new injuries (25 years old).
Match Concussion Injuries and Removal From the Field of Play
A total of 42% of injured players were removed from the field of play immediately after a concussion, with 40% being removed later in the same game; 17% of players were not removed at all (Table 7 ) (it was unknown for 1%). Concussions resulting in players leaving the field immediately were associated with a slightly higher average severity, although the difference was not significant. A greater proportion of backs' concussions resulted in them leaving the field of play immediately (45%) than forwards (37%).
Foul Play
The injured player reported that match head injury was associated with foul play in 26 (17%) of match head injuries; most commonly being punched (9 injuries) and being high tackled (5 injuries). A penalty was, however, only awarded by the referee in 7 (27%) of these cases. The injured player reported foul play in 11 (11%) of the match concussive injuries (most commonly a high tackle; 5 injuries), with a penalty being awarded in 5 (45%) of these cases.
Mouthguards and Headgear
The incidence of concussions sustained by players not wearing mouthguards was higher than those wearing mouthguards, but it did not reach statistical significance; the average severity of concussions was similar for wearers and nonwearers ( Table 8 ). The incidence of concussions sustained by players not wearing headgear was significantly higher than those wearing headgear; the average severity of concussions was similar for wearers and nonwearers (Table 8 ).
DISCUSSION
The match head injury rate in the present study of 6.6/1000 player-hours (7% of all injuries) is similar to that reported using the same methodology in international rugby (7.0/1000 player-hours) 29 but substantially less than that reported for head and face injuries in a cohort of Australian international players (29%) 8 and for head injuries sustained during the 2003 Rugby World Cup (34%). 12 These differences can be explained by the inclusion in these studies of relatively minor match blood injuries, such as scalp and facial lacerations, which require players to leave the field of play for suturing before returning to play in the same match. There were differences in the incidence of match concussion by club (Table 3 ). It has been suggested previously 30 that rugby concussions may go unreported because of either the absence of medical personnel at matches or deficiencies in the training of the medical personnel present to recognize and manage concussion. In addition, the mandatory minimum 3-week stand-down for those players who have sustained a concussion and do not have access to a neurological specialist as defined by the iRB in their medical regulations (Regulation 10) 31 has been suggested as an additional potential administrative barrier to the reporting of a concussive injury. We do not believe that these factors were significant drivers of reporting behavior in this study. Firstly, the medical personnel had been circulated a detailed concussion management protocol (and briefed about the management protocol at regular Premiership medical meetings) with the aim of ensuring consistency in the recognition and management of the concussed athlete, and, secondly, in the elite setting, there is swift access to neurological specialist services (enabling the concussed athlete to return to play once he is asymptomatic at rest and after exercise and cleared to return by a neurological specialist); therefore, the potential administrative barrier identified in the amateur game does not apply to this study population.
The majority of match head injuries reported (62%) were concussions, and concussion was the fifth most common match injury for forwards and the third most common match injury for backs and for all players 6 in a similar cohort of players. Diagnosing concussion has historically been a challenge for clinicians; prior to 2001, there had been no universal agreement on the standard definition or nature of concussion. 22 The recent consensus statements from the Concussion in Sport groups, 22, 27 which have brought much needed consistency to this area, were formally disseminated to the medical personnel taking part in this study as part of a concussion management programme. 21 It is essential that medical personnel are vigilant in the area of concussion recognition; a retrospective study in soccer 32 showed that only about 1 in 5 football players realized that they had suffered a concussion. A concussion match incidence rate of 4.1/1000 player-hours in the present study equates to 1 concussed player every 6.1 matches or 1 concussed player for each team every 12 matches. It is possible that some of the facial lacerations, facial fractures, and even cervical injuries may also have been associated with an unrecognized concussive injury and that some more minor concussions went unrecognized by player and medical staff or did not cause more than 1 day's absence from playing or training. The incidence of concussion reported is likely to represent the minimum estimate; the true incidence may be significantly higher.
Epidemiological studies in other sports have commonly used a missed match definition of injury. The incidence of match concussions in the present study that caused a subsequent match to be missed (1.9/1000 player-hours) was much higher than the incidence in Australian Rules Football (0.7) 33 but lower than incidence reported in rugby league (3.0). 34 It was much lower than the incidence reported in collegiate ice hockey (5.5), 14 despite ice hockey players being required to wear protective headgear and faceguards.
The incidence of concussions sustained during training (0.02/1000 player-hours) was significantly lower than that during match play. This is likely to be attributable to the high volume of low-risk, noncontact activities undertaken by players during training, such as fitness sessions, weight training, and noncontact rugby skills, and the more controlled nature of training activities. The 3 training concussions reported were all sustained during contact defence sessions, which closely mimic matchplay. The average time lost was 14 days after a match head injury and 13 days after a match concussion. A large proportion of players (48%) had returned to play within a week after a match concussion. The safe return to play after concussion in Rugby Union is specifically addressed in iRB Regulation 10, 31 which states that a player who has suffered concussion shall not participate in any match or training session for a minimum period of 3 weeks from the time of the injury. The 3-week period may be reduced only if the player is symptom-free and declared fit to play after appropriate assessment by a properly qualified and recognized neurological specialist. This regulation is intended to protect the player without rapid access to a neurological specialist from an unacceptable risk of reinjury while recovering from the acute concussive injury. The return to play of players who suffered time loss concussive injuries in this study was managed strictly according to iRB regulation 10 31 and the principles of a concussion management program. 21 This program was underpinned by the 2001 consensus statement 22 and was supported by a CogSport psychometric testing program 35 that mandated return to an individual's baseline cognition before return to play.
Defining injury recurrence in a clinically meaningful manner that allows comparison between studies is an important epidemiological challenge and is often not reported by authors. 8, 36 Only 2 recurrences within 2 months of the index injury (early recurrence) 24 were reported in the current study. Players sustaining recurrent concussive injuries were of similar age (26-years-old) to those sustaining new injuries (25-yearsold), suggesting that greater exposure time may not be the explanation for multiple concussion injuries. It should be noted that the long-term effects on neurological function from single or repeated concussive events in rugby union is currently unknown.
Observational studies have demonstrated that forwards spend more time during matches in all contact situations (competing for the ball) than do backs 37 ; however, there were no significant differences in the incidence or severity of head or concussive injuries between forwards and backs. However, even though the study population was large, the exposure times available for forwards and backs limited the differences in incidence of concussion that could be identified with statistical confidence to 100%. In order to identify difference in injury incidence of less than 25% would require player exposures of almost 100,000 player-hours. The incidence of all match head injuries and concussion was highest in the midfield backs and lowest among the second rows, although the differences were not significant. Positional differences in injury rates in rugby union are likely to be a consequence of differences in roles during the contact elements of matchplay.
It has been reported previously that the vast majority (97%) of concussions in collision sports are sustained when there is direct impact to the head 18 ; however, the associated injury event for concussion in rugby union has not been previously reported. The greatest proportion of the injuries in the current study were sustained in the tackle (58%). Tackling head-on and being tackled head-on caused the greatest proportion of tackle-related concussions and might be expected to result in an impact to the head. The coaching of safe and 31 There is a widespread belief that the height of the body contact with the ball carrier in the front-on tackle has risen in recent years, with tackles initially directed at the sternum but below the line of the shoulder often resulting in impact with the ball carrier's head. This would be supported by the increased risk seen as a consequence of being tackled headon. An analysis of the detailed biomechanics of the tackle by playing position, with reference to match video, is required to progress understanding in this area. The incidence of concussion associated with the ruck was low when its frequency in the game is considered. This may be a result of the more controlled impacts associated with this relatively stationary phase of play when compared with the tackle. Only 42% of players were removed immediately from the field of play after a concussion that resulted in time lost from playing or training. The iRB concussion regulation does not currently explicitly specify the need for immediate removal from the field of play after a suspected concussion, although the 2004 consensus statement 27 and concussion management program 21 highlight the need for comprehensive sideline evaluation of cognitive function and clearly state that players showing signs or symptoms of concussion should not be allowed to return to play in the current game or practice. A confident diagnosis of concussion can be difficult to make in all cases during the short (typically 1 to 3 minutes) injury break in play and injury substitutions (excluding the management of bleeding wounds) in rugby union once made are permanent. Onfield cognitive assessment in rugby union typically involves asking the player the Maddocks questions 26 ; in less clear cases of concussion, this may be repeated in the next break in play after the injury episode before a final decision to replace the concussed player is confirmed. This might explain why 40% of players were replaced later. Nonetheless, it seems likely that a number of players remained on the field of play for a period of time after a concussive injury and may have been incompletely clinically evaluated and at potentially increased risk of further injury including second impact syndrome, if such a condition indeed exists. 2 The only way to comprehensively assess the potentially concussed (and nonbleeding) player pitchside without making a permanent substitution is to play on a man short. This may explain why fewer than 50% of concussed players were replaced at the time of their concussive injury. Consideration should be given by the iRB to revising the current regulations regarding acute head injury assessment.
The number of cases of match head injury (17%) and concussion (11%) that the player associated with foul play is a cause for concern, although it was lower than the proportion of ice hockey concussions caused by foul play (35%). 14 Only 17% of injuries to the head and 27% of concussions that the player attributed to foul play in the present study resulted in a penalty being awarded, and only 6% of all match injuries were previously reported to be the result of foul play in a similar cohort. 6 Independent review of the match videos for head injury events is needed to confirm whether there is indeed an increased association with foul play for head injuries.
Mouthguard usage and the wearing of padded headgear were associated with lower incidences of head injury and concussion. Research to date, both field and laboratory, indicated that padded headgear did not reduce the incidence of concussion in rugby union, [39] [40] [41] although Jones et al 42 demonstrated a reduction in the incidence of superficial scalp and facial injuries in selected positions. A study of male rugby players younger than 16 years of age 41 suggested that players believe that they can tackle harder and more confidently while wearing headgear, and this might negate any potential protective benefit. Similarly, research to date indicates that the wearing of mouthguards does not reduce the incidence of concussion in rugby. 43 Unlike headgear, there is no international standard for mouthguards, which makes comparison between studies difficult, and many of the published reports have been case series or retrospective injury surveys. 44 Players in this study wore custom-fitted mouthguards, which might be expected to offer more protection than the noncustomized variety. Randomized controlled studies of sufficient power are needed to definitively answer these 2 important questions.
CONCLUSIONS
The overall incidence of match head injury was 6.6 injuries/1000 player-hours, and each injury resulted on average in 14 days lost-time. Concussions were responsible for 62% of the match head injuries (4.1 injuries/1000 player-hours resulting on average in 13 days lost-time). Despite historical concerns about the consequences of overly rapid return to play after concussion, 48% of players were able to return to match play within 7 days. Match concussions were most commonly associated with tackling head-on (28%), collisions (20%), and being tackled head-on (19%). Despite the widespread dissemination of international consensus guidelines on the optimal immediate management of the concussed player, only 42% of players who subsequently lost time from training or play as a result of concussion were removed from the field of play immediately after a concussion. In light of our inability to effectively condition the brain to withstand direct impact and the lack of evidence to support the wearing of headgear, the need to optimise tackling and ball carrying techniques to avoid direct contact with the head is highlighted.
